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MHKpocnopHOTH — o6uiHpHafl rpynna 6jih3khx k rpn6aM o6jiHraTHbix BHyrpHKJie- 
tohhlix napa3HTOB. B OTJiHHHe ot HeryTHKOHoeqeB OTpa^a Kinetoplastida h cnopoBHKOB 
(thii Apicomplexa) 6ojibuihhctbo npe^cTaBHTejieH rpynnti pa3BHBaeTca b np^MOM koh- 
TaKTe C D,HTOnJia3MOH X03HHH3. 3T0T <j)aKT, a TaK^Ce Hpe3BbIHaHHa« MHHHMH3aUH« co6ct- 
BCHHoro (J>yHKqHOHajibHoro annapaTa, npHo6peTeHHe yHHKaubHbix nepeHOCHHKOB 3k- 
cnnyaTauHH MeTa6ojiHnecKOH CHCTeMti xo3JiHHa h npe^nonaraeMbiH cociaB cexpeTOMa 
(cexperapyeMoro napa3HTOM Ha6opa 6ejiKOB) CBH^eTejibCTByioT o bo3mo>khom 3kthbhom 
yqacraH 6enKOB MHKpocnopH^HH b ynpaBJieHHH 3apaaceHHOH khotkoh. OneHb cna6afl H3y- 
HeHHOCTb 3TOrO Bonpoca BO MHOrOM CBfl3aHa C MeTOAHHeCKHMH Tpy^HOCTJIMH, B03HHKaK>- 
iu,hmh npn pa6oie c o6nHraTHbiMH BHyrpHKJieTOHHbiMH napa3HTaMH. Ba^cHoii npo6neMOH 
H3yneHHH eexpeTOMa MHKpOCIlOpHAHH Ha CTaAHH BHyTpHKJieTOHHOrO pa3BHTHfl HBJIHeTCH 
B03M0)KH0CTb 3arpfl3HeHHfl npo6 UHTOnJia3MBI 3apa^CeHHBIX KJieTOK BHyTpeHHHMH (HeceK- 
perapyeMbiMH) OeuxaMH napa3HTa. flaace npn roMoreHH3auHH 3apa)KeHHOH tk3hh b MJirKHx 
ycnoBHflx h y^aneHHH CTa^HH BHyrpHKJieTOHHoro pa3BHTH« napa3HTOB c noMombio HH3KO- 
cKopocTHoro qeHTpH^yrHpoBaHHH bo3mo)kho hx nacTHHHoe pa3pymeHHe. B a^hhoh pa6oTe 
ocymecTBJieHa reTepojiorHHHaa 3KcnpeccHfl Tpex MOJieicyjiflpHbix manepoHOB ceMencTBa 
Hsp70 MHKpocnopH^HH Paranosema (Antonospora) locustae c qenbio Bbipa6oTKH cneun- 
(j)HHHbix aHTHTen. rioKa3aHO, hto nojiyneHHbie aHTHTejia no3BOJunoT Ha^e)KHo kohtpojih- 
poBaTb coxpaHeHHe qenocTHOCTH KJieTOK MHKpocnopHAHH npn roMoreHH3aqHH 3apa>KeHHOH 
TK3HH X03HHH3 h nocjieAyiomeM y^aneHHH napa3HTOB c noMombio qeHTpH(j>yrHpoBaHHfl. 

Kmoneebie cjioea: MHKpocnopH^HH, ceKperapyeMbie 6ejiKH> KJieTKa xo3«HHa ? Hsp70, 
aHTHTena. 


TeCHblH ITpOCTpaHCTBeHHMH KOHTaKT BHyTpHKJICTOHHblX napa3HTOB C 3apa- 
^ceHHOH KJieTKOH no3BOJuieT npeflnoJiaraTb, hto b xo/je 3bojik)ijhh 3th MHKpo- 
opraHH3Mbi cMorjiH npHo6pecTH ciioco6hocti> ynpaBJurct MOJieKyjuipHO-reHe- 
THHeCKHMH nporpaMMaMH H 6HOXHMHHeCKHMH npOIjeCCaMH X03flHHa. Bo3Aeft- 
ctbhc napa3HTa Ha 3apaaceHHyio KJieTKy HanpaBJieHO Ha pemeHHe AByx 
ochobhmx 3a^an. Bo-nepBbix, oh a ojmeH ycneniHO npoTHBOCTOJm> TaKHM 3a- 


479 




mHTHbiM peaicuHJiM xo3*iHHa, KaK HH^yKUHH anonT03a (Carmen, Sinai, 2007), 
npOAyKUHfl aKTHBHbix pa^HKajioe KHCJiopOAa (Nathan, Shiloh, 2000), aBTOcjmrmi, 
^encTBHe HHTep^epOH-HHAyunGejibHbix TTOa3 (Martens, Howard, 2006) n jih- 
3OCOMajibHO0 cncTeMbi. Bo-BTOpbix, napa3HT AOJDKeH o6ecnenHTb CBoe pa3BHTne 
nnTaTejibHbiMH BemecTBaMH b orpaHHneHHbix ycnoBH^x 3apaaceHHon KJieTKH. 

MojieicyjijipHbie MexaHH3Mbi bo3^hctbhh napa3HTOB Ha 3apaaceHHyio KJieT- 
Ky b nocne^Hee Bpeivni CTaHOBHTCH npe^MeTOM AeTajibHoro HCCJieAOBamni y 
npe^CTaBHTejieH AByx CHCTeMaTHnecKHx rpynn npocTeftmHx — Apicomplexa 
h Kinetoplastida. B nacTHOCTH, yace HaKonneH AOCTaTOHHO oGiiiHpHbiH MaTepH- 
an, ho3bojijholu;hh 3aKJiK>HHTb, hto Bee H3yneHHbie napa3HTbi cnoco6Hbi 3<$- 
(J>eKTHBHO HHraGHpOBaTb anonTHnecKHe npoueccbi b 3apaaceHHoft KJieTKe. 
YcTaHOBJieHO, hto ochobhbim MexaHH3MOM, Hcnonb3yeMbiM napa3HTaMH, ab- 
jiaeTCfl aKTHBauH^ flAepHoro TpaHCKpununoHHoro (JmKTOpa NF-kB, kohtpojih- 
pyiomero OKcnpeccmo reHOB HMMyHHoro OTBeTa, anonT03a h KJieTOHHoro uHKJia 
(Carmen, Sinai, 2007). NF-kB HaxoAHTCJi b uHToroia3Me KJieTKH b HeaKTHBHOM 
COCTOflHHH, (J)OpMHpy^ KOMnJieKC C HHraGHTOpHblM GeJIKOM IkB. AKTHBaU,™ 
TpaHCKpHnnHOHHoro (JmKTOpa ocymecTBJuieTCfl npH (J)oc(J)opHJiHpOBaHHH IkB 
no a A^HCTBHeM KHHa3bi IKK (IkB-KHHa3bi). 3to npHBOAHT k AerpaAau,HH IkB b 
pe3ynbTaTe achctbha npOTeocoMbi 26S, bmcboGo^achhio NF-kB H3 cocTaBa 
HHraGHpytomero KOMnneKca, ero TpaHCJiOKauHH b AApo h aKTHBauHH TpaHC- 
KpHnu,HH KOHTpoJiHpyeMbix reHOB (Perkins, 2007). B nacTHOCTH, 6biJio noKa3aHO, 
hto ABa npeACTaBHTejui THna Apicomplexa Hcnojib3yiOT pa3Hbie KHHa3bi hhth- 
GnTOpa IkB Rim aKTHBauHH <|)aKTOpa NF-kB. Y napa3HTa Toxoplasma gondii 
oGHapy^ceHa coGcTBeHHaa TglKK, (jioccjiopHJiHpyioiuafl GenoK IkB Ha MeM6pa- 
He napa3HTO(J)OpHOH BaKyonH. npH otom rjix TpaHCKpHnuHH NF-kB-aKTHBHpy- 
eMbix reHOB HeoGxoAHMO ynacTHe KaK TglKK napa3HTa, TaK h coGcTBeHHoii 
IKK 3apa^ceHHOH KJieTKH (Molestina, Sinai, 2005). B to TKe BpeMa nnponjia3Mbi 
Theileria parva h Theileria annulata , pa3BHBaacb b npflMOM KOHTaKTe c uhto- 
nna3MOH 3apa^CeHHOH KJieTKH, HMM06HJIH3yK)T Ha CBOefi nOBepXHOCTH IKK xo- 
3flHHa b BHAe KpynHbix MyjibTHcy6i>eAHHHHHbix KOMnjieKCOB, oGjiaAaiomnx 
BbicoKon KHHa3HOH aKTHBHOCTbio b OTHomeHHH GejiKa IkB (Heussler et al., 
2002). npHBeAeHHbie AaHHbie noA^epKHBaiOT, hto GejiKH, ji0KajiH30BaHHbie Ha 
nOBepXHOCTH napa3HTa hjih Ha MeMGpaHe napa3HTO(J)OpHOH BaKyojiH, nacTO nr- 
paiOT BaacHyio pojib bo B3aHMOOTHOineHHJix c 3apa>KeHHOH KJieTKOH. B KanecT- 
Be eme oahoto npHMepa mohcho npHBec™ noBepxHOCTHyio MeTajuionpOTea3y 
GP63 jKYyxiiKOHOCugL Leishmania major , HrpaioiuyK) Ba^cHyio pojib b bo3a^hct- 
bhh napa3HTa Ha KJieTKy xo3JiHHa (Halle et al., 2009). B naemocTH, AaHHbift 
(J>epMeHT OTBeTCTBeHeH 3a HHrnGHpOBaHHe cnniajibHoro KacKaAa c ynacTHeM 
MHToreH-aKTHBHpyeMbix npOTeHHKHHa3 (MAPK), nocKOJibKy HHaKTHBHpyeT 
6ejioK p38, HrpaiomHH ueHTpajibHyio pojib b otom ny™ (Halle et al., 2009). 

OAnaKO HaH6ojibmHM noTeHUHajiOM c tohkh 3peHHfl BO3Ae0CTBHfl Ha 3apa- 
^ceHHyio KJieTKy, Bepo^rrao, oGjiaAaiOT GejiKH napa3HTa, ceKpeTHpyeMbie b uh- 
TOnJia3My 3apa)KeHHOH KJieTKH. B 3aBHCHMOCTH OT BbinOJIHJieMOH (J)yHKU,HH 
pacTBOpHMbie MOJieKyjibi MoryT cneu;H(J)HHHO HaKanjiHBaTbca b pa3JiHHHbix 
KOMnapTMeHTax xo3flHHa h cboGoaho B3aHMOAeiiCTBOBaTb c MOJieKyjiaMH-MH- 
meHHMH 3apa)KeHHOH KJieTKH. CpeAH npeACTaBHTeJiefi THna Apicomplexa Han- 
Gojiee HHTepecHbie ceKpeTHpyeMbie GejiKH Gmjih o6Hapy)KeHbi y nHponjia3M 
pOAa Theileria . Pa3BHBaacb b HenocpeACTBeHHOM KOHTaKTe c uHTonjia3MOH xo- 
3HHHa (nOHTH HCKJHOHHTeJIbHO JieHKOUHTOB), 3TH yHHKajlbHbie napa3HTbI Hay- 
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HHJIHCb Bbl3bIBaTb oGpaTHMyK) TpaHC(J)OpMaUiHK) (HMMOpTajIH3aU,HK)) 3apa>KeH- 
Hbix KJieTOK. K HacTO^meMy BpeMeHH y T. annulata o6Hapy^ceHO yHHKajibHoe 
ceMeficTBO, cocTO^mee H3 5 6ejiKOB, TpaHcnopTHpyeMbix b uHTonjia3My h aajiee 
b njipo KJieTKH xo3^HHa (Swan et al., 2001). ElocKOJibKy 3th 6ejiKH pacnojiara- 
IOT ^,HK-CB5I3bIBaK)IHHM £OMCHOM, HX yHaCTHe B peryJI5Hl,HH TpaHCKpnnUHOH- 
HOH aKTHBHOCTH reHOB X03flHHa BeCbMa BepOflTHO. KpOMe TOrO, B Cy6TeJIOMep- 
Hbix pernoHax reHOMa 3thx napa3HTOB oGHapy^ceHO o6niHpHoe ceMencTBO 
(85 reHOB) BapnaGejibHbix ceKpeTHpyeMbix GejiKOB (Schmuckli-Maurer et al., 
2009). B HacTOJimee BpeMfl H3ynaiOTCfl ocoGchhocth 3KcnpeccHH h BHyTpHKJie- 
TOHHOH JIOKaJIH3aU,HH 3THX 6eJIKOB. 

JJjin ztpyrnx npe^CTaBHTejien Apicomplexa h Kinetoplastida B03M0>KH0CTb 
ceKpeunn GejiKOB b u,HTomia3My xo3HHHa orpaHHHHBaeTca MeMGpaHon napa3HTO- 
(J)OpHOH BaKyojin, hto no^pa3yMeBaeT HeoGxoanMOCTb Bbipa6oTKH MexaHH3MOB 
Rjin npeo^oneHra ^onojiHHTejibHoro Gapbepa. HanpHMep, (J)oc(J)aTa3a PP2C-hn 
(Gilbert et al., 2007) h npOTeHHKHHa3a ROP16 (Saeij et al., 2007) T. gondii , 
TpaHcnopTHpyeMbie b *mpo xo3flHHa, abjuiiotoi GejiKaMH ponTpHH h Bbi^ejui- 
iotcji b 3apa^ceHHyio KJieTKy b momcht npOHHKHOBeHHJi (Ravindran, Boothroyd, 
2008). B KanecTBe npHMepa GejiKOB, BbmejiaeMbix b KJieTKy xo3JiHHa 3H,zjonapa3H- 
THHeCKHMH )KryTHKOHOCIjaMH, MO)KHO npHBeCTH (J)aKTOp 3J10Hran,HH la (EF-la) 
jieHiiiMaHHft L. donovani , TpaHcnopTHpyeMbiH H3 (J)arocoMbi b u,HTonna3My 3a- 
pa^ceHHoro MaKpo(J)ara c noMombio Hen3BecTHoro noKa MexaHH3Ma h B3aHMO- 
^encTByrnmnn c GejiKOM SHP-1, npe^CTaBJunomuM co6oh o^Hy H3 (J)0C(J)aTa3 
ocTaTKOB ™p03HHa b GejiKax MJieKonnTaiomHx (Nandan et al., 2002). 

B OTJinnne ot BHyrpHKJieTOHHbix Protozoa (JmKTHHecKn HerayneHHbiMH 
ocTaiOTCH 6enKH, ceKpeTHpyeMbie b KJieTKy xo3flHHa npe^CTaBHTejniMH Tnna 
Microsporidia. Flpn 3 tom ecTb Bee ocHOBaHHfl nojiaraTb, hto zjaHHaa rpynna 
6 jih3khx k rpnGaM oGjinraTHbix BHyTpHKJieTOHHbix napa3HTOB MO>KeT OKa3aTb- 
cx caMbiM HHTepecHbiM o6i>eKTOM nnn TaKoro po,zta nccjie^OBaHHH. Bo-nepBbix, 
60 JIbIHHHCTB 0 MHKpOCnOpH^HH flBJUHOTCfl napa3HTaMH HJieHHCTOHOTHX (Hcch, 
1986), hto CBH^eTejibCTByeT o zuniTejibHOH 3 bojik)u;hohhoh ataman;™ napa3H- 

TOB K BHyTpHKJieTOHHOMy pa3BHTHK). Bo-BTOpbIX, GoJIblHHHCTBO BH£OB MHKpO- 
CnOpH^HH pa3BHBaeTCH B npHMOM KOHTaKTe C UHTOnJia3MOH 3apa>KeHHOH KJieT¬ 
KH, hto, no aHajiorHH co cnopOBHKaMH po,zta Theileria, no3BOJifleT npe^nojio- 
^cHTb aKTHBHoe ynacTHe hx ceKpeTOMa (Ha6opa GejiKOB, ceKpeTHpyeMbix 
napa3HTOM 3a npe^ejibi KJieTKH) b ynpaBJieHHH MOJieKyjwpHO-reHeTHHecKHMH 
npoueccaMH xo3flHHa. HaKOHeu;, pacniH(J)pOBKa reHOMOB HecKOJibKHX bh^ob 
MHKpocnopH^HH noKa3ajia: 1) yHHKajibHyio CTeneHb MHHHMH3au,HH coGcTBeH- 
hoto (J)yHUHOHajibHoro annapaTa (Katinka et al., 2001; Comman et al., 2009; 
Keeling et al., 2010); 2) npHoGpeTeHHe yHHKajibHbix nepeHocHHKOB nm 3(J)- 
(J>eKTHBHOH 3KcnjiyaTau;HH MeTa6ojiHnecKOH CHCTeMbi KJieTKH xo3^HHa (Tsaou- 
sis et al., 2008); 3) HajiHHHe CHmajibHoro nen™,zta, OTBeTCTBeHHoro 3a ceKpe- 
UHio, y pwa 6ejiKOB, KOTOpbie motjih 6bi Gbitb BOBjieneHbi bo B3aHMOOTHOiue- 
min c 3apa)KeHHOH KJieTKOH (^ojithx h ,ztp., 2010; Cuomo et al., 2012). 

OTcyTCTBHe ^aHHbix o GejiKax MHKpocnopH^HH, ceKpeTHpyeMbix b 3apa- 
5KeHHyK) KJieTKy, BO MHOrOM CB^3aHO C Tpy^HOCTJIMH, B03HHKaK)LUHMH npH pa- 
6oTe C 3THMH CTpOrO oGjIHraTHbIMH BHyTpHKJieTOHHbIMH napa3HTaMH. MHKpO- 
CnOpH^HH HeB03MO^CHO KyJIbTHBHpOBaTb Ha HCKyCCTBeHHbIX nHTaTeJIbHbIX 
cpe^ax, h ochobhwm o6i>eKTOM HCCjie^OBaHHfl oco6eHHOCTeii BHyTpHKJieTOH- 
hoto pa3BHTHH napa3HTOB ocTaiOTCH 3apa^ceHHa^ TKaHb h KyjibTypbi KJieTOK xo- 
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3flHHa. Ba)KHOH MeTOAHHecKoii npoGjieMoii npH royneHHH ceKpeTOMa ctuahh 
BH yTpHKJieTOHHOrO pa3BHTH5I MHKpOCnOpHAHH flBJIfleTCfl B03M05KH0CTb 3arpJI3- 
Hemia npo6 u,HTonjia3Mbi 3apaaceHHbix KJieTOK BHyTpeHHHMH (HeceKperapye- 
MbiMH) 6ejiKaMH napa3HTa. aace npH Mflncoii roMoreHraauHH 3apa)KeHHOH 
TKaHH H y^aneHHH He)KHbIX CTa^HH BHyTpHKJieTOHHOrO pa3BHTH^ napa3HTOB c 
noMombio u,eHTpH(J)yrHpOBaHHH bo3mo>kho hx nacTHHHoe pa3pymeHHe. MapKe- 
pOM jinn KOHTpojia TaKoro 3arpfl3HeHHfl MoniH 6bi 6biTb pacTBOpHMbie 6ejiKH 
MHKpOCnOpHAHH, HaKanJIHBaiOmHeCfl B BbICOKOH KOHU,eHTpaU,HH Ha paHHHX CTa- 
Amax BHyTpHKJieTOHHOrO pa3BHTHH napa3HTOB (b Meponrax h cnopOHTax). Bojiee 
no3AHHe cnoporoHajibHbie ctbahh (HaHHHaa co ctbahh cnopoGjiacTa) 3amnme- 
Hbi ot TaKoro pa3pymeHHfl (J)opMHpyiomeHCfl npOHHOH o6ojiohkoh cnopbi. 

PacTBOpHMbie MeTaGojiHnecKHe (J)epMeHTbi napa3HTa He MoryT 6biTb ncnojib- 
30BaHbi Run otoh uejiH, TaK KaK paHee mbi noKa3ajiH hx cneu,H(J)HHHoe HaKomie- 
Hne b 3 pejibix cnopax MHKpocnopHAHH Paranosema {Antonospora) locustae 
(Dolgikh et al., 2009; Dolgikh et ah, 2011). B to >Ke Bpeivni jxjik rayneHHbix 
HaMH GejiKOB «AOMauiHero xo3flHCTBa» napa3HTa OTMeneHO npHMepHO OAHHa- 
KOBoe coAep)KaHHe hx b cnopax h CTaAmix BHyTpHKJieTOHHOrO pa3BHTmi napa- 
3HTa (Dolgikh et ah, 2011; /Jojihix h aP«, 2011). JSjui a^hhoto HCCJieAOBaHHfl 
HaH6ojibHiHH HHTepec npeACTaBJHiJi (JmKT HaKonjieHmi b MepOHTax h cnopOH- 
Tax P. locustae MHTOxoHApnajibHOH <|)0pMbi manepOHa Hsp70. llocKOJibKy y 

MHKpOCnOpHAHH COXpaHHJIHCb JIHUIb pyAHMeHTapHbie MHTOXOHApHH- MHTO- 

COMbl, npaBHJlbHee rOBOpHTb He O MHTOXOHApHaJIbHOH, a O MHTOCOMaJlbHOH 
(J)OpMe 6ejiKa. MojieKyjiapHbie manepOHbi ceMencTBa Hsp70 abjuuotcji pacTBO- 
pHMbiMH GejiKaMH, a hx OTAejibHbie (J)opMbi cneuH(J)HHHO HaKanjiHBaiOTCJi b 
pa3JTHHHbIX KOMnapTMeHTaX 3yKapH0THHeCK0H KJieTKH (UHT030JIb, MHTOXOHA¬ 
pHH, u,HCTepHbi 3IIP). TaKHM o6pa30M, Hcnojib30BaHHe aHTHTeji k TpeM mane- 
pOHaM pa3J!HHHOH JIOKaJIH3aU,HH (MHTOCOMaJlbHOH, 3nP-CneUH(J)HHH0H H U.HTO- 
30JIbHOH (J)OpMaM) n03B0J!HJ10 6bl He TOJlbKO KOHCTaTHpOBaTb (J)aKT 3arpH3He- 
hhh npo6 u,HTonjia3Mbi xo3JiHHa HeceKpeTHpyeMbiMH GejncaMH napa3HTa, ho h 
oueHHTb CTeneHb noBpeacA^HHJi KJieTOK h BHyTpeHHHx MeMSpaHHbix CTpyKTyp 
MHKpocnopHAHH npH Hcn0Jib30BaHHH pa3JiHHHbix cnocoboB pa3pymeHHJi h pe- 
)KHMOB U,eHTpH(J)yrHpOBaHHJl. 

ni4P-aMnjiH(|)HKauiHJi, KJiOHHposaHHe h reTepojioraHHaa OKcnpeccmi b 6aK- 
TepHHX E. coli MOJieKyjuipHbix iuanepOHOB Hsp70 P. locustae pa3JiHHHOH jiOKa- 
jiH3auHH no3BOJiHJiH HapaGoTaTb peKOM6HHaHTHbie 6ejiKH h nojiynHTb k hhm 
cneu,H(J)HHHbie aHTHTejia. C noMombio HMMyHo6jiOTHHra noKa3aHa bo3mojk- 
HocTb HcnoJib30BaHHJi noJiyneHHbix aHTHTeji b KanecTBe HHCTpyMeHTa KOHTpo- 
Jifl 3a 3arpH3HeHHeM npo6 u;HTonjia3Mbi 3apaaceHHbix KJieTOK xo3JiHHa HeceKpe¬ 
THpyeMbiMH 6eJlKaMH MHKpOCnOpHAHH. 


MATEPHAJI H METO^HKA 

KoMnbioTepHbiH aHajiH3 nocJieAOBaTeJibHocTefi 

llocjieAOBaTejibHocTH raynaeMbix reHOB MHKpocnopHAHH P. locustae Haxo- 
Ahtch b cbo6oahom AOCTyne Ha caiiTe http://forest.mbl.edu/cgi-bin/site/anto- 
nosporaO 1 npoeKTa no pacuiH(|)pOBKe reHOMa ototo BHAa (Antonospora locus¬ 
tae Genome Project, Marine Biological Laboratory at Woods Hole, funded by 
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NSF award number 0135272). IlocjieflOBaTejibHOCTH roMOJiornnHbix GerncoB 
Apyrnx bh^ob MHKpocnopn^HH Haxcwrrcfl Ha came http://www.ncbi.nlm.nih. 
gov/ HauHOHajibHoro uempa GHOTexHOJiornHecKon HH^opMaunn (NCBI) 
C11IA. riocne^OBaTejibHOCTH aHanronpOBajiH c noMombio naiceTa nporpaMM 
Rjin MOJieKyjwpHon Ghojiothh DNASTAR® Lasergene 5.05. OnjioreHeTHHe- 
ckhh aHajiH3 npOBOOTJiH c noMombK) Jotun-Hein (PAM 250) ajiropnTMa b npo- 
rpaMMe MegAlign (DNASTAR). HajiHune CHrHajibHoro nemn^a n TpaHCMeM- 
GpaHHbix ^OMeHOB b cocTaBe GejiKOBbix MOJieKyji npe,acKa3biBajin c noMombio 
cepBepOB SignalP 4.0 (www.cbs.dtu.dk/services/SignalP/) h TMHMM 2.0 
(www. cbs. dtu. dk/servi ces/TMHMM/). 


IloJiyHeHHe aHTHTeji k Ge.iKaivi MiiKpocnopnAHii P. locustae 

KjiOHHpOBaHne reHa, reTeponorHHHaa OKcnpeccna h onncTKa peKOMGnHaH- 
thoh (J)opMbi MHTOxoH^pHajibHoro Hsp70 P. locustae , a TaiOKe noJiyneHne h 
OHHCTKa cneu,H(J)HHHbix aTHTen Gbijih no^poGHO onHcaHbi paHee (Dolgikh et al., 
2011). JSfln aMnjiH(J)HKauHH reHa 3F[P-Hsp70 Hcnojib30BajiH npJiMon npaiiMep 
5’CCATggatccATGCTGTTCTGGTTACTAGCTCTC 3’n oGpaTHbin npaiiMep 
5’ GTCActgcagTCAAAGCTCTTCTCTCATTTTCT 3’. JJjin aMroin^nKaunn 
reHa, Koztnpyiomero UHTOiuia3MaTHHecKyK) (J)opMy Hsp70, ncnojib 30 Bajin npa- 
moh npaiiMep 5 ’atgcCTCGAGACCAG CAAGGAG AT AG ATGC A3 ’ n oGpaT- 
Hbiii npaiiMep 5’GCATGGTACCTTAAAG CT CCT C C AGC AT CTT GAT AC 
3’. riLJ,P-aMnjiH(J)HKauiH^ nojiHOpa3MepHbix Konnii Koanpytomnx reHOB GbiJia 
ocymecTBJieHa c noMombio bbicokotohhoh Pfu /],HK nojinMepa3bi (Fermentas, 
JInTBa). B KauecTBe MaTpnijbi Hcnojib30BajiH reHOMHyio JX HK napa3HTa, Bbme- 
jieHHyio no paHee onncaHHon MeTOflince (Dolgikh et al., 2009). niJ,P-npoAyKTbi 
BbiAeji^jin H3 arapo3Horo rena h BCTpaHBanH b BeKTOp pRSETA (Invitrogen, 
CILIA) c coxpaHeHneM paMKH CHHTbiBaHHa. B cjiynae 3nP-cneun(J)HHHoro 
Hsp70 b BeKTOp GbiJia BCTpoeHa nocne^OBaTejibHOCTb, Ko^npyiomaa N-KOHu,e- 
Byio nacTb GejiKa pa3MepOM 39.3 ic/Ja (354 aMHHOKncjiOTHbix oeraTKa). Kjiohh- 
pOBaHne ocymecTBjmm no cairraM pecTpHKUHH BamHl (BCTpoeH b cocTaB 
npHMoro BeKTOpa) n EcoRl (BHyTpeHHHH cam b cocTaBe GenoK-KO^npytoinen 
nocjie^OBaTejibHOCTn). Jinn OKcnpeccmi uHTonjia3MaTHHecKoro manepOHa b 
3KcnpeccnpyK)Lnnn BeKTOp GbiJia BCTpoeHa nojiHOpa3MepHaa Konna reHa no 
cairraM Xhol n Kpnl , BKmoneHHbiM b cocTaB npaMoro n oGpaTHoro npanMepOB. 

3Kcnpeccmo ocymecTBJWJin b C41 nrraMMe E. coli , C03^aHH0M rjik 3(J)4)eK- 
THBHon HapaGoTKn GejiKOB Ha ocHOBe KJieTOK BL21(DE3) (Miroux, Walker, 1996). 
Cb e)Kne kojiohhh GaKTepnir, TpaHC(J)opMHpOBaHHbix noJiyueHHon KOHCTpyK- 
u,nen, nHOKynnpOBann b cpe^y LB, co^epacamyK) aMnnujuinH (100 mkt/mji), n 
KyjibTypy pacTnnn npn 37 °C ro onTnuecKon njiOTHOCTn 0.6 (n3MepeHne npn 
#jiHHe BOJiHbi 600 hm). riocne floGaBJieHna b cpe^y b KanecTBe nH^yKTOpa okc- 
npeccnn H3onponnji-P-D-THoraJiaKTonHpaH03H^a (HnTT) ro KOHenHon koh- 
ueHTpaunn 1 mM nHKyGaumo npoflOJiacaJin b TeneHne hohh. EaKTepnn oca^c- 
^ann ueHTpn(J)yrnpoBaHneM npn 3000 g IOmhh, oTMbiBajm ^ncTmumpOBaH- 
hoh bo^oh n pa 3 pymaJin yjibTpa3ByKOM b 50 mM Tpnc-HCl 6y(J)epe (pH 8.0). 
PeKOMGnHaHTHyio (J)opMy 3nP-cneu;H(J)HHHoro Hsp70, HaKanjinBaiomyiocfl b 
G aKTepn^x b BH^e HepacTBOpnMbix GejiKOBbix BKjnoHeHnn, ocaac^ann uempn- 
(J)yrnpOBaHneM npn 1500 g 10 mhh, TmaTejibHO OTMbiBajm TeM vkq pacTBOpOM 
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h 3KCTparnpOBajiH b npHcyTCTBHH 8 M MoneBHHbi. U,HTonjia3MaTHHecKyK) 
(J)opMy Hsp70, HaKamiHBaioiijyiocfl b GaKTepmix b pacTBOpHMOH <J)opMe, ohh- 
majiH MeTO^OM MeTajuio-xejiaTHoii xpOMaTorpacJmii. fljia 3 toto pa3pymeHHbie 
ynbTpa3ByKOM 6aKTepHH u,eHTpHcj)yrHpOBajiH npH 18 000 g 20 mhh h k oto- 
GpaHHOMy cynepHaTaHTy AoGaBJuuiH 10 mM HMHAa 30 Jia, 0.3 M NaCl (yKa3aHbi 
KOHenHbie KOHueHTpauHH) h 1/10 o6i>eMa cmojim Ni-CAM HC (Sigma- Aldrich, 
C11IA), ypaBHOBemeHHyio 50 mM TpHC-HCl 6y<|)epOM (pH 8.0), co^epacamHM 
0.3 M NaCl h 10 mM nM*ma 30 Jia. riocne nepeMeuiHBaHHfl b TeneHHe hohh npn 

4 °C CMOJiy TLUiaTeJIbHO OTMbIBaJIH H peKOM6HHaHTHbIH 6eJIOK OJHOHpOBaJIH 
ypaBHOBemHBaK)Lu,HM pacTBOpOM b npHcyTCTBHH 0.3 M HMHAa30Jia. 

Bbi^eneHHbie 6ejiKH ^najiii30Bajin npOTHB 100o6i>eMOB 6y(J)epa TEC 
(50 mM TpHC-HCl (pH 8.0), 0.3 M NaCl), CMeuiHBajiH c paBHbiM o&beMOM a ab- 
K)BaHTa Opeihma (Sigma-Aldrich, CILIA) (nojiHbiH rjix nepBOH hhbckuhh h 
H enojiHbm Rjin nocueflytomux) h Hcnojib30BajiH rjix HMMyHH3au,HH acHBOTHbix. 
KpOJIHKOB HMMyHH3HpOBaJIH C nOMOmbK) TpeX BHyTpHMbHIieHHblX HHBeKUHH 

(okojio 0.3 Mr Gejnca Ha HHbeKu.nK)) c AecaTHAHeBHbiM HHTepBanoM. Hepe3 
10 AHefi nocne nocjieAHen HMMyHH3au.HH Ghjio OToGpaHO 15 mji KpOBH rjih no- 
cjieAyK)iu.ero aHajiH3a. 


npuroTOBJieHHe SejiKOBbix npo6 h HMMyHoSjiOTHHr 

J\jix nojiyneHH^ npo6 pacTBOpHMbix GejiKOB 3apaaceHHOH TKaHH xo3aHHa 
acnpOBbie Tena capaHHH Manco pa3pymajiH b c|)oc(f)aTHO-cojieBOM 6y(J)epHOM 
pacTBOpe (OCE, 138 mM NaCl, 3 mM KC1, 1.5 mM KH 2 P0 4 , 8 mM Na 2 HP0 4 , 
pH 6.8) c noMOiijbK) CTeKJiaHHoro roMoreHH3aTOpa h HenjiOTHO npHrHaHHoro 
Te<J)jiOHOBoro necTHKa. Cnopbi h CTa^HH BHyTpHKJieTOHHoro pa3BHTna MHKpo- 
cnopHAHH ocaacAann npH 100 g 10 mhh, cynepHaTanr AonojiHHTejibHO ueHTpH- 
(J)yrHpOBajiH npH 20 000 g 20 mhh h pacTBOpHMyio (|)paKij;HK) aHajiH3HpOBanH c 
noMombio HMMyHoGnoTHHra. B KanecTBe KOHTpona Hcnonb30BajiH acnpOBbie 
Tena He3apa^ceHHbix ocoGeir capaHHH. CTa^HH BHyTpHKJieTOHHoro pa3BHTHa 
(MepOHTbi h cnopOHTbi) P. locustae Gbijih OHHmeHbi ueHTpH(J)yrHpOBaHHeM b 
rpaAHeHTe hjiothocth nepKOJiJia no paHee pa3pa6oTaHHOH MeTOAHKe (Seleznev 
et al., 1995). Pa3pymeHHe BbmejieHHbix CTaAHH ocymecTBJiajiH b npHcyTCTBHH 
OCE npH neTbipexKpaTHOM noBTOpeHHH npoueAypti 3aMOpaacHBaHHa/orraHBa- 
hhh hjih c noMombio AByKpaTHOH oGpaGoTKH yjibTpa3ByKOM b TeneHHe 15 c. 
npenapaTbi pa3pymeHHbix ctbahh ueHTpH(j)yrHpOBajiH npH 430 000 g 30 mhh, 
ocaAKH pecyneHAHpOBajiH b OCE a o o6i>eMa cynepHaiaHTa h aHajiH3HpOBajm c 
nOMOIAbK) HMMyH 06 jIOTHHra. 

Bee OnepaUHH C HaTHBHbIMH GeJIKaMH MHKpOCnOpHAHH H X03HHHa npOBO- 
Ahjih npH 4 °C. KoHueHTpaumo GejiKa b npenapaTax onpeAenajiH no MeTOAy 
Ep3A(J)opA (Bradford, 1976). 

npo6bi 6ejiKOB Rim npOBeAeHH^ 3JieKTpo<j)Ope3a b nojmaKpHJiaMHAHOM rejie 
b npHcyTCTBHH AOAeuHJicyjib<j)aTa HaTpna (/],CH-nAr3) CMemnBajiH c paBHbiM 
o6i>eMOM 125 mM Tpnc-HCl 6y(J)epa, coAepacamero 4% CH, 10% 2-M3, 
20 % rjiHuepHHa, h HHKyGnpOBajiH b TeneHne 10 mhh npn 95 °C. EejiKH pa3Ae- 
jHuiH MeTOAOM (Laemmly, 1970) b 12%-hom rejie c Hcnojib30BaHHeM KaMepbi 
Mini-PROTEAN® (Bio-Rad, CILIA), OKpauiHBajiH c noMombio KpacHTejia Ky- 
Maccn R-250 hjih nepeHOCHJiH Ha HHTpouejuiK)ji03HyK) MeM6paHy toto ace 
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npon3Bo^HTen5i c noMom,bio BKJia^bima Mini-Trans-Blot® (Bio-Rad, CIUA) co- 
rnacHO HHC i pyKHHH. MeMdpaHbi GjiOKHpoBaJiH nac b npiicy i c i BHH TTEC (TEC 
njnoc 0.05%-Hbiii aeiepreHT Tbhh 20) h 1%-Horo GbiHbero cbiBopoTOHHoro 
ajibSyMHHa, nHKy6npoBajin c pa36aBJieHHbiMH tcm ace pacTBopoM 1 : 1000 hm- 
MyHHblMH CbIBOpOTKaMH B TeHeHHe HOHH npH 4 °C. nocae OTMbIBKH B TTEC 
MeMOpaHbi HHKyOnpoBajiH 2 h npn KOMHaraoH TeMnepaType c pa3BeaeHHbiMH 
TTEC 1 : 3000 aHTHTejiaMH, KOiibiornpoBainibiMii c nepoicciua 3ofi xpeHa h 
cneu,H(j)HHHbiMH k IgG KpojiHKa (Bio-Rad, CIUA). Ilocjie TmaTejibHOH otmmb- 
kh TTEC, a 3aTeM TEC MeM6paHy HHKyGnpoBaJiH b CBeacenpm o roBJieHHOM Ha 
TEC pacTBope ,li>i npoaB.ieiiHa nepoKCH'iaaiiOH peaKijHH, co.iepacameM 15 % 
MeTaHOJia, 0.05 % 4-xjiopo-l-Ha<|)TOJia (Sigma-Aldrich, CIUA), 0.02 % H 2 0 2 . 


PE 3 YJIETATM H OECYHCflEHHE 

AHajiH3 nocjieaoBaTejibHOCTeii, Koanpyioiunx oc.ikm ceMeiicTBa Hsp70, 
b rcHOiwc MHKpocnopHflHH P. locustae 

AHajiH3 cnncKa 6e.iOK-Ko;iHpyioiHHx iiocjiC'iOBaie.ibiiocieii. oonapyaceH- 
hmx npw pacuiH(|)poBKe tchomob MHKpociiopH.iHH Nosema ceranae, Encephali- 
tozoon cuniculi h P. locustae, no3BOJiHji BboiBnn, y icaac.ioio H3 napa3HTOB 
4 reHa, KOflHpyiomHX GejiKH ceMeiicTBa Hsp70 (puc. 1). B nepByio onepe^b 
cae.iyei oTMeTHTb MHTOxoii;ipnajibiiyio (jiopwy (jiepMeiiia. ooiiapyaceHiiyio icaic 


SignalP4.0 TMHMM2.0 



MHToxonapHaJibHaa (|)opMa Hsp70 N. ceranae 
MHToxoH^pHajibHaa (])opMa Hsp70 E. cuniculi 
MHTOxonapHaJibHaa (j>opMa Hsp70 P. locustae* 
L(HTonjia3MaTiwecKaa (j)opMa Hsp70 N. ceranae 
L(HToruia3MaTHHecKaa (})opMa Hsp70 E. cuniculi 
L(HToruia3MaTHqecKaa (f>opMa Hsp70 P. locustae * 
3nP-cneqH({>HqecKaa (])opMa Hsp70 N. ceranae 
3nP-cneiiH(f>HHecKaa (JiopMa Hsp70 E. cuniculi 
3nP-cneiiH(^HHeoKaa $opMa Hsp70 P. locustae * 
DNAK-Hsp70 N. ceranae 
DNAK-Hsp70 E. cuniculi 
DNAK-Hsp70 R locustae 


+ 

+ 

+ 


Phc. 1. AHajiH3 cnncKa 6eJioK-Ko^HpyiomHx nocne^oBaTenbHocTeH, odHapyaceHHbix npH pacniHt^- 
poBKe reHOMOB Tpex bh^ob MHKpocnopH^Hii, no3BonHJi BbiaBHTb y Kaacfloro H3 napa3HTOB 4 reHa 

ceMeiicTBa Hsp70. 

AHajiH3 nocJieflOBaTejibHOCTeH 6ejiKOB c noMombio cepBepa TMHMM 2.0 noica3aji otc yTCTBHe y Bcex H3yqeH- 
hwx inanepOHOB rnflpo4)o6Hwx TpaHCMeM6paHHbix ^OMeHOB (oTMeqeHO 3HBKOM «MMHyc»), hto noATBepac^aeT 
pacTBopHMbiii xapaKTep 6ejiKOB. AHajim c noMomtio cepBepa SignalP 4.0 no3BOJiHJi beirbmte y oflHoro H3 ma- 
nepOHOB MHKpOCnOpHflHH N-KOHlI,eBOH CHTHaJILHEIH neilTJTH (oTMeneHO 3HBKOM «nJIIOC»), OTBeTCTBeHHHH 3a 
TpaHCJlOKaiJ,HK) Oeaxa B npOCBeT 3np. OjUlOreHeTHHeCKH 6jIH3KHe (jlOpMtl pa3JIHHHOM BHyTpHKJlCTOHHOH JlOKa- 

jiH3aaHH (MHTOxOHflpHajiEHaa, 3nP-cneu,H(j)HBHaa h iiHTOnjia3MaTHqecKaa) nocjiyacHJiH oSteKTaMH aji« ^aimo- 

ro HCCJieAOBaHHa (OTMeneHbi 3Be3flOBKaMn). 

Fig. 1. Analysis of the list of protein-coding sequences found during the genome sequencing in three 
microsporidian species revealed four genes of the Hsp70 family in each parasite species. 
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y npoaHajiH3HpOBaHHbix b Haiueii paGoTe, Taic h y uejioro pnm Apyrnx bhaob 
MHK pOCnOpHAHH. K HaCTOJHIjeMy BpeMeHH M05KH0 CHHTaTb npaKTHHeCKH AOKa- 
3aHHOH cneu,H(J)HHHyK) jiOKajiH3au,HK) GenKOB ^aHHofi rpynnbi b MaTpmcce mh- 
tocom MHKpocnopH^HH (Williams et al., 2002; Tsaousis et ah, 2008; Dolgikh et 
al., 2011). BHyTpHKJieTOHHaa jiOKajiH3au,Ha ocTajibHbix npeACTaBHTejiefi ce- 
MeiicTBa noKa OKcnepHMeHTajibHO He H3yneHa, ho mo^cct 6biTb npeACKa3aHa Ha 
ocHOBaHHH aHanH3a aMHHOKHCJiOTHbix nocne^OBaTejibHOCTeft 6 cjikob. B nacT- 
HOCTH, OTCyTCTBHe y Bcex H3yneHHbIX UianepOHOB MHKpOCnOpHAHH KaKHX-JIH- 
6o rH^po(J)o6Hbix TpaHCMeM6paHHbix aomchob noATBep>KAaeT, hto npeACTaBH- 
TejiH ceMehcTBa Hsp70 abjiaiotcji pacTBOpHMbiMH GejiKaMH. AHajira c noMO- 
mt»K) cepsepa SignalP 4.0 no3BOJiHJi BbiflBHTb y oahoto H3 manepOHOB 
MHKpocnopHAHH N-kohucboh CHrHaubHbiH nenTHA. riocjieAOBaTejibHOCTb, ot- 
BeTCTBeHHaa 3a HanpaBJieHHe cHHTe3HpyeMoro Gemca k MeMGpaHe 3L1P h ero 
TpaHCJiOKauHio BHyTpb opraHenjibi, npHcyTCTByeT b cocTase roMOJiorHHHbix 
GejiKOB npoaHanH3HpOBaHHbix bhaob. FlocKOJibKy BancHaa ponb manepOHOB 
Hsp70 b yKJiaAKe ((J)OJiAHHre) 6enKOBbix Moueicyji npH hx TpaHCJiOKaijHH b npo- 
CBeT 3L1P niHpOKO H3Bec™a (Hendershot et al., 1994), ecTb Bee ocHOBaHra no- 
jiaraTb, hto AaHHbift manepOH MHKpocnopHAHH jiOKajiroyeTca b uHCTepHax 
3F1P napa3HTOB. 

YKa3aHHbie Bbirne MHTOCOMajibHaa h 3nP-cneu;H(J)HHHaa (J)opMbi Hsp70 
GbuiH Bbi6paHbi HaMH b KanecTBe MapicepOB a™ kohtpojia 3a u,ejiocTHOCTbK) 
cooTBeTCTByiomHx opraHemi napa3HTa npH pa3pymeHHH 3apa>KeHHbix KJieTOK 
capaHHH. kohtpojia 3a uejiocTHOCTbK) KJieTOHHOH MeM6paHbi napa3HTa 

6bma BbiGpaHa (J)HJioreHeTHHecKH 6jiH3Kaa k othm GejiKaM HeMHTOxoHApHajib- 
Haa (J)opMa Hsp70. OTCyTCTBHe b cocTase AaHHoro GejiKa KaKoro-JinGo cht- 
HajibHoro nenTHAa CBHAeTejibCTBOBajio o ero u;HTonjia3MaTHHecKOH jiOKajm- 
3aUHH. 


3KcnpeccHH oeikOB P. locustae b GaKTepiiax Ecoli 

npH TpaHC(J)opMau;HH GaKTepHH E. coli njia3MHAOH pRSET co BCTpoeHHofi 
nocjieAOBaTejibHOCTbK), KOAHpyiomeii (J)parMeHT 3I1P-Hsp70 hjih nojiHOpa3- 
MepHyio KonHio uHTonjia3MaTHHecKoro manepOHa P. locustae , Ha6jiK>Aajiocb 
TOKCHHHoe BO3Ae0CTBHe ny>KepOAHoro GejiKa Ha pocT GaKTepHH. HecMOTpa Ha 
to hto Ha naiiiKax c TBepAOH cpeAoii LB BbipacTajiH kojiohhh HOpMajibHoro 
pa3Mepa, npH AoGaBJieHHH b cpeAy HHAyKTOpa OKcnpeccHH nnTr pa3BHTH*i 
kojiohhh He HaGjHOAajiocb. PaHee cxoahbih pe3yjibTaT 6biJi onncaH HaMH npH 
OKcnpeccHH (J)parMeHTa reHa, KOAHpyiomero MHTOxoHApnajibHyK) (J>opMy 
Hsp70 (Dolgikh et ah, 2011). HanGojiee 3<Jx|)eKTHBHafl OKcnpeccmi peKOMGn- 

HaHTHblX 6eJlKOB Ha6jHOAaJiaCb npH HHOKyJIflUHH CBOKHX KOJIOHHH B >KHAKyK) 

cpeAy h KyjibTHBHpOBaHHH b TeneHHe hohh npn 37 °C nocjie Ao6aBJieHHfl b 
cpeAy HHAyKTOpa 3KcnpeccHH nnTr. 

B cjiynae OKcnpeccHH (J)parMeHTa 3nP-cneuH(J)HHHoro manepOHa peKOMGn- 
HaHTHbiH npOAyKT HaKanjiHsaJica b GaKTepnaJibHbix KJieTKax b BHAe HepacTBo- 
pHMblX 6eJlKOBbIX BKJHOHeHHH, nOJIHOCTbK) OCaHCAaJlCa npH HH3KOCKOpOCTHOM 
H,eHTpH(J)yrHpOBaHHH h cneuH<|>HHHO OKCTparnpOBajica b npHcyrcTBHH 8 M mo- 
neBHHbi. MoJieKyjiapHbiH Bee peKOMGHHaHTHoro (J)parMeHTa 3I1P-Hsp70, oue- 
HeHHblH C nOMOLAbK) /^CH-IIArS, COCTaBHJl OKOJIO 43 Kfla, HTO COOTBeTCTByeT 
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Pile. 2. AHajiii3 OHiimeHHbix peKOMGHHaHTHbix GejiKOB L. locustae c noMombio ,3,CH-PAr3 noKa- 
3an, hto ncnonb30BaHHbie cxeMbi BbineneHHfl no 3 BOJiHJin nojiyHHTb npenapaTbi GejiKOB nocTaTOHHo 
HHCTbie nJIfl BblpaSOTKH CneUH(j)HHHbIX aHTHTen. 

A — (J>parMeHT 311P-cneuH(J»HHH0H $opMbi Hsp70 (MOJieKyjwpHbiH Bee okojio 43 K^a, OejiKH-MapKepbi oTMene- 
Hbi cneBa); B — nojiHopa3MepHaji UHTonjia3MaTHHecKaa (|>opMa manepoHa pa3MepoM okojio 75 Kjja; B — $par- 
MeHT MHTOXOH^pHaJIbHOH $OpMbI Hsp70, HCn0Jlb30B3HHbIH JIJIZ IIOJiyHeHHfl 3HTHTeJl B npe^bmymeM HCCJie/IOBa- 

hhh (Dolgikh et al., 2011). 

Fig. 2. Analysis of the purified recombinant proteins of L. locustae using SDS PAGE showed that 
used schemes of separation allowed obtaining protein preparations enough pure for specific antibo¬ 
dies generation. 


npeACKa3aHHOMy pa3Mepy (39 K^a) iijiioc flononHHTenbHbiii N-TepMHHanbHbiH 
neiiTH# eeKTOpa (4 K/],a) (pHC. 2, A). Kaic h b cnynae c (J)parMeHTOM mhtoxoha- 
pwajibHoro manepOHa P. locustae (Dolgikh et al., 2011), Ann BbizjeneHnn u,hto~ 
njia3Ma™qecKoro Hsp70, HaicannHBaiomerocfl b SaKTepnax b pacTBOpHMOH 
(J)opMe, 6bui ycnemHO Hcnonb30BaH MeTOfl MeTanno-xenaraoH xpOMaTorpa- 
(J)hh. npe^CKa3aHHbm pa3Mep nojiHopa3MepHOH MOJieKyjibi u,nTona3MaTHMe- 
CKoro Hsp70 cocTaBJiaeT 75 kJ\sl (pHC. 2, E) h TaioKe cooTBeTCTByeT Moneicy- 
jiBpHOMy Becy peKOMGnHaHTHOH (J)opMbi, oueHeHHOMy MeiwjOM /JCH-rfAr3, 
c nonpaBKoii Ha aonojiHHTejibHbifi nen™^, KOflHpyeMbiii nocne^OBaTejibHO- 
CTbio b cocTaBe BeKTopa. AHajiH3 OHHmeHHbix GeJiKOB c noMombio ACH-nA- 
T3 noKa3aji, hto Hcnojib30BaHHbie cxeMbi Bbi^eneHHfl iio3bojihjih nonynHTb 
npenapaTbi GenicoB, ^ocTaTOHHO HHCTbie ana BbipaGoTKH cneu,n(J)nHHbix aHTHTen. 


AHajiH3 SeJiKOB mhK pocnop 113,11 ii P. locustae 
h vKiipoooro TeJia capaHHH c noMombio nojiynemibix aHTHTeJi 

HMMyHoGjIOTHHT C HCn0JIb30BaHHeM aHTHTen K peKOMGHHaHTHbIM GenKaM 
noKa3an HaKonneHne Bcex Tpex H3yneHHbix (|)opM Hsp70 b cTa^nnx BHyTpH- 
KneTOHHoro pa3BHTHn P. locustae , BbmeneHHbix mcto^om ueHTpH(|)yrHpoBaHHfl 
b rpa^neHTe nnoTHOCTH TlepKonna (pnc. 3,^4). KaK h o)KH 3 anocb, oneiopotjio- 
peTHnecKan no^BHmiocTb 3IIP-Hsp70 cooTBeTCTBOBana 6enKy c Monetcynap- 
HbiM BecoM 74 (npe3CKa3aHHoe 3HaneHHe 76 kJ\sl MHHyc cooTBeTCTByio- 
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CT 


A 

M 


K K^,a 


MHTOcoMajibHaa 
(J)opMa Hsp70 

3ITP-cneuH(J)HHHaM 
(J)opMa Hsp70 


L(iiTonna3MaTHHecKaa 
(J)opMa Hsp70 


OKpacKa IIohco 
(oGiuhh 6enoK) 



Ills 


— 66 


66 


— 66 


66 


3IIP-cneuii(J)HHHaa 
cJ)opMa Hsp70 


MiiTocoMantHa^ 
(J)opMa Hsp70 



Pile. 3. AHajiii3 SenKOB MiiKpocnopimnH L. locustae h acupOBoro Tena capaHHii c noMombio nony- 

HeHHblX aHTHTeJI. 

A — HMMyHoGaoTHHr c Hcnont30BaHHeM aHTHTen k peKOM6HHaHTHbiM 6enKaM noKa3an HaKonjieHHe Tpex H3y- 
neHHtix (J)opM Hsp70 b npoGax cyMMapHoro 6enica cTanHH BHyTpHKJieTOMHoro pa3BHTH3 L . locustae (nopo>KKa 
CT ). B to ace BpeMa MarKaa roMoreHH3aijHH 3apaaceHHoro acHpoBoro Tena capaHHH, ocaacneHHe KJieTOK napa3H- 
tob npn 100 g 10 mhh h nononHHTenbHoe ueHTpH(J>yrHpoBaHHe cynepHaTaHTa npn 20 000 g 20 mhh no3BonnnH 
nonynHTL npo6ti npaKTHnecKH cBoGonHbie ot MHToxoHnpHantHOH h 3nP-cneijH(})HHHOH (J>opM Hsp70, ho b 3Ha- 
HHTentHOH CTeneHH 3arpH3HeHHbie UHTonna3MaTHnecKHM inanepoHOM (nopoacKa M ). Ha nopoa<Ky K HaHeceHbi 
pacTBopHMtie OejiKH KOHTpojitHoro (He3apaaceHHoro) acHpoBoro Tena capaHHH. E — o6pa6oTKa onHmeHHbix 
cTa^HH BHyTpHKneTOHHoro pa3BHTHa L . locustae ynbTpa3ByKOM (Y3) HnH noBTopeHHe HecKontKHx hhioiob 3a- 
MopancHBaHHa/oTTaHBaHHa ( 3 / 0 ) npHBonjrr k BucBo6oacneHHio b pacTBopHMyio (J>paKHHio npHMepHO nonoBHHbi 
ot npHcyTCTByiomero b KneTKe 6enKa 3TTP-Hsp70. B to ace Bpervia 3 th nporjenypu Bti3tiBaioT pa3pyiueHHe 
nniUL HeGontmoH nacTH mhtocom MHKpocnopnnHH, TaK KaK ocHOBHaa nacTb MHTOcoMantHoro iuanepoHa ocTa- 
eTca b HepacTBopHMofi (J)paKHHH. Pa3pymeHHe b <1>CB CTa^HH nempH^yrHpoBanH npn 430 000 g 30 mhh, ocan- 
kh (nopoHCKH OC ) pecycneHnHpoBanH b <1>CB no o6beMa cynepHaTaHTa (nopoacKH 077) h aHanH3HpoBann c no- 

Momtio HMMyHo6noTHHra. 

Fig. 3. Analysis of protein of the microsporidian L. locustae and fat body of locust using the antibo¬ 
dies obtained. 


ih;hh CHrHajihHhm neiiTH#). flua u;HTonjia3MaTHHecKoro 6ejiKa MOJieKyjiapHbifi 
Bee, ou,eHeHHbm c noMonjbio flCH-riAr3, cooTBeTCTBOBan 3HaHeHnio, npe^- 
CKa3aHHOMy comacHO aMHHOKHCJiOTHoii nocueAOBaTejibHOCTH (75 ic/Ja). B 
CJiynae MHTOxoH^pHanbHoro iuanepoHa HeKOTopaa pa3Hnu;a Me)KAy npeACKa- 
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3aHHbiM MOneKyjiapHbiM BecoM 69 K^a h (JmKTHnecKHM 3HaneHHeM 66 K^a mo- 
^ceT 6biTb oGtncHeHa HajiHnneM b cocTaBe 3pejio0 MOJieKyjibi yflajweMoro cht- 
HaubHoro nenTH^a, OTBeTCTBeHHOro 3a TpaHcnopT 6ejiKa b mhtocomh. 

KaK OTMeneHO Bbime (cm. MaTepnaji h MeTO^HKa), ^jih BbmejieHHH GejiKOB 
u,HTonjia3Mbi 3apa>KeHHbix KJieTOK xo3HHHa GbiJia Hcnojib30BaHa MHncafl tomo- 
reHH3au,ra >KHpOBoro Tena capaHHH c Hcnojib30BaHneM CTeKJiHHHoro roMore- 
HH3aTOpa h HenjiOTHO npHraaHHoro TecjxnoHOBoro necTHKa b h30tohhhcckom 
OCB. Oca^eHHe cnop h kjictok napa3HTOB H3 nojiyneHHoro roMoreHaTa npn 
100 g 10 mhh h ziononHHTejibHoe ueHTpH^yrapOBaHHe cynepHaTaHTa npn 
20 000 g 20 mhh ito3bojihjih nojiyHHTb npoGbi pacTBOpHMbix GejiKOB 3apa^ceH- 
Horo ^cHpOBoro Tena, b KOTOpbix npaKTHHecKH OTcyrcTBOBajiH MHTOxoH^pnajib- 
Han h 3nP-cneu,H(J)HHHa5! (jiopMbi uianepOHOB napa3HTa. Ha ocHOBaHHH no- 
jiyneHHoro pe3yjibTaTa mo>kho 3aKJiiOHHTb, hto npH Hcnojib30BaHHH ^aHHOH 
cxeMbi npHroTOBJieHra npoG He HaGjiiOflaeTCfl HapymeHHH ijejiocTHOCTH BHyT- 
peHHHX MeMGpaHHbIX KOMnapTMeHTOB MHKpOCnOpH^HH, nOCKOJlbKy B KOHen- 
hom cynepHaTaHTe npaKTHHecKH OTcyTCTByiOT KOMnoHeHTbi MaTpHKca mhto- 
com h uHCTepH 3np. B to >Ke BpeMfl b nojiyneHHbix npoGax b 3HanHTejibHOM 
KOJiHnecTBe oGHapy^ceHa u,HTonjia3MaTHHecKaH (J>opMa Hsp70 P. locustae. 3to 
CBH^eTeubCTByeT o HapymeHHH uejiocTHOCTH uHTonjia3MaTHHecKOH MeMGpaHbi 
MepOHTOB H CnOpOHTOB MHKpOCnOpHflHH Ha OflHOM H3 3TanOB BblACJieHHH. 
KpHTHHHbIM £JIH U,eJIOCTHOCTH KJieTOK napa3HTa MOT OKa3aTbCfl KaK npouecc 
pa3pymeHHJi mipOBoro Tejia, TaK h BbicoKOCKOpocTHoe ueHTpH^yrapOBaHHe 
ocBeTJieHHoro roMoreHaTa. Ba^cHO no^HepKHyTb, hto aHTHTejia k u;HTonjia3Ma- 
THnecKOMy manepOHy OKa3ajiHCb Ha^ejKHbiM HHCTpyMeHTOM kohtpojih ijejiocT- 
hocth KJieTOK napa3HTa, nocKOJibKy pacno3HaBaeMbiii hmh GejiOK Jiereo bmcbo- 
Go^ajicji b OKpy>KaiomyK) cpe^y npH raGnpaTejibHOM noBpe^eHHH u,hto- 

nJia3MaTHHeCKOH MeMGpaHbi MHKpOCnOpHflHH. 

npH HCnOJIb30BaHHH GoJiee TKtCTKUX MeTOflOB B03fleHCTBHH Ha CTa^HH BHyT- 
pHKJieTOHHoro pa3BHTHJi napa3HTOB HaGjHO^aeTCJi HapymeHHe uejiocTHOCTH 
BHyTpeHHHX KOMnapTMeHTOB KJieTKH. B naCTHOCTH, nOBTOpeHHe HeCKOJIbKHX 
U.HKJIOB 3aM0pa>KHBaHHJl/0TTaHBaHHJI OHHHjeHHblX CTa^HH BHyTpHKJieTOHHOTO 
pa 3 BHTHH P. locustae hjih oGpaGoTKa hx yjibTpa3ByKOM npHBO^HT k BbiCBo6o>K- 
^eHHio b pacTBOpHMyio (J)paKu,HK) npHMepHO nojiOBHHbi ot npncyTCTByiomero 
b KJieTKe GejiKa 3nP-Hsp70 (pnc. 3, E). B to 5Ke BpeMH 3aMOpa)KHBaHHe/ ottbh- 
BaHne n o6pa6oTKa yjibTpa3ByKOM npHBOflflT k pa3pymeHHK> Jinnib HeGojibinoft 
HaCTH MHTOCOM MHKpOCnOpHflHH, TaK KaK B Cpe^y BbICB06o>K,aaK)TCfl He3Hann- 
TejibHbie KOJinnecTBa MHTocoMaJibHoro manepOHa. Cjie^yeT OTMeraTb, hto, no- 
CKOJibKy pa3pymeHHbie KJieTKH napa3HTa no^BepraJincb yjibTpaueHTpn^yrnpo- 
BaHHio npn 430 000 g 30 mhh, penb H^eT o BbiCBoGo^eHnn b pacTBOpHMyio 
(J)paKU,HK) HMeHHO CBOGoflHbIX, a He 3aKJHOHeHHbIX B MHKpOCOMbI GeJIKOBbIX 
MOJieKyji. nojiyneHHbm pe3yjibTaT noKa3biBaeT, hto nojiyneHHbie aHTHTejia mo- 
ryT GbiTb ncnojib30BaHbi He TOJibKO npH aHajiH3e ceKpeTOMa BHyTpnKJieTOHHbix 
napa3HTOB, HO H £JIfl KOHTpOJIH meJIOCTHOCTH BHyTpeHHHX MeMGpaHHbIX CTpyK- 
Typ h opraHejui napa3HTa npH pa3pa6oTKe MeTO^OB hx BbmejieHHH. 

B 3aKJHoneHHe cJie^yeT otmcthtb, hto nojiyneHHbie b ^aHHon paGoTe aHTH¬ 
Tejia (b nepByio onepe^b aHTHTejia k uHTonjia3MaTHHecKOH (J)opMe Hsp70) b 
G jiH^Kanmee BpeMH Gy^yT Hcnojib30BaHbi rjik no^Gopa ycjiOBHH pa3pymeHHH 
3apa>KeHHOH TKaHH h oca^eHHH napa3HTOB, npH KOTOpbix He HaGjuo^aeTCJi 
HapymeHHH UeJIOCTHOCTH CTa^HH BHyTpHKJieTOHHOrO pa3BHTHH MHKpOCnOpH- 
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A hh. 3to b cbok> onepeAb no3BOJiHT npHCTynHTb k KOMnneKCHOMy aHanroy 
ceKpeTOMa CTa^HH BHyTpHKJieTOHHoro pa3BHTHfl MHKpocnopHAHH — Ha6opa 
6enKOB, BbiAenaeMbix napa3HTOM b u,HTonjia3My 3apaaceHHO0 kjictkh c uejibio 
ynpaBJieHHa ee (J)yHKu,HOHajibHbiM annapaTOM. HaH6ojiee nepcneKTHBHbiM ajia 
T aKoro po^a uccue^OBaHUH npeACTaBJiaeTCfl iioaxoa, ocHOBaHHbm Ha Hcnonb- 
30BaHHH coBpeMeHHbix MeTOAOB npOTeoMHoro aHanH3a (Bradley et al., 2005; et 
al., 2009). 


BJIArOflAPHOCTH 

PaSoTa BbinojiHeHa npH nojmep^KKe Pocchhckoid (^OH^a (J)yH,zjaMeHTajib- 
Hbix HCCJieAOBaHHH (JSfe 12-04-01517-a). 


CnncoK JiHTepaTypbi 

flonriix B. B., ria b jio Ba O. A., C eH^ep ckhh H. B., n3H T. 2010. CeKpeTopHbie 6eji- 
kh MHKpocnopHflHH Paranosema locustae w nx ynacTHe b naToreHHOM B 03 ^eiiCTBHH Ha 
opraHH3M nepeneTHOH capaHHH Locusta migratoria. BecTH. 3amiiTbi PacT. 1 : 48—51. 

flojirux B. B., CeHflepCKHH H. B., FlaBJioBa O. A., HayMOB A. M. 2011. YHHKajib- 
Hbie ocoGeHHOCTH 3HepreTHHecKoro o6MeHa MHKpocnopH^HH KaK pe3yjibTaT zyiHTejib- 
hoh a^anTaann k BHyTpHKJieTOHHOMy pa3BHTHio. napa3HTOJiornfl. 45 : 147—157. 

riccH H. B. MiiKpocnopH^HH K3K thii napa3HTHHecKHX npocTeniiinx. 1986. npoT 030 ojiornfl. 
JI. 10:6—137. 

Bradford M. 1976. A rapid and sensitive method for the quantitation of protein utilizing the 
principle of protein-dye binding. Anal. BiocheM. 72 : 248—254. 

Bradley P. J., Ward C., Cheng S. J., Alexander D. L., Co Her S., Coombs G. H., 
DunnJ.D., F erguso n D. J., S a nderson S. J., Wa stl i ng J. M., Boothro- 
yd J. C. 2005. Proteomic analysis of rhoptry organelles reveals many novel constituents 
for host-parasite interactions in Toxoplasma gondii. Journ. Biol. Chem. 280 : 
34245—34258. 

Carmen J. C., Sinai A. P. 2007. Suicide prevention: disruption of apoptotic pathways by 
protozoan parasites. Molecular Microbiology. 64 : 904—916. 

Cornman R. S., Chen Y. P., Schatz M. C., Street C., Zhao Y., Desany B., Eg- 
holm M., Hutchison S., Pettis J. S., Lipkin W. I., Eva ns J. D. 2009. Genomic 
analyses of the microsporidian Nosema ceranae , an emergent pathogen of honey bees. 
PLoS Pathog. 5. el000466. 

Cuomo C. A., Desjardins C. A., Bakowski M. A., Goldberg J., Ma A. T., Bec¬ 
nel J. J., Didier E. S., Fan L., Heima n D. I., Levin J. Z., Young S., Zeng Q., 
Troemel E. R. 2012. Microsporidian genome analysis reveals evolutionary strategies 
for obligate intracellular growth. Genome Res. [Epub ahead of print]. 

Dolgikh V. V., Seliverstova E. V., Naumov A. M., Senderskiy I. V., Pavlo¬ 
va O. A., Bez nous senko G. V. 2009. Heterologous expression of pyruvate dehydro¬ 
genase El subunits of the microsporidium Paranosema (Antonospora ) locustae and im- 
munolocalization of the mitochondrial protein in amitochondrial cells. FEMS Microbiol. 
Lett. 293 : 285—291. 

Dolgikh V. V., SenderskiyI. V., Pavlova O. A., Naumov A. M., Beznoussen- 
ko G. V. 2011. Immunolocalization of an alternative respiratory chain in Antonospora 
(Paranosema) locustae spores: mitosomes retain their role in microsporidial energy me¬ 
tabolism. Eukaryot. Cell. 10 : 588—593. 

Halle M., Gomez M.A., Stuible M., Shimizu H., McMaster W. R., Olivier M., 
Tremblay M. L. 2009. Th q Leishmania surface protease GP63 cleaves multiple intra¬ 
cellular proteins and actively participates in p38 mitogen-activated protein kinase inacti¬ 
vation. Journ. Biol. Chem. 284 : 6893—6908. 


490 


Hendershot L. M., Va 1 entine V. A., Lee A. S., Morris S. W., Shapiro D. N. 1994. 
Localization of the gene encoding human BiP/GRP78, the endoplasmic reticulum cogna¬ 
te of the HSP70 family, to chromosome 9q34. Genomics. 20 : 281—284. 

Heussler V. T., Rottenberg S., Schwab R., Kuenzi P., Ferna ndez P. C., 
McKellar S., Shiels B., Chen Z. J., Orth K., WallachD., Dobbelae- 
re D. A. 2002. Hijacking of host cell IKK signalosomes by the transforming parasite The- 
ileria. Science. 298 : 1033—1036. 

Gilbert L. A., Ravindran S., Turetzky J. M., Boothroyd J. C., Bradley P. J. 
2007. Toxoplasma gondii targets a protein phosphatase 2C to the nuclei of infected host 
cells. Eukaryot. Cell. 6 : 73—83. 

Ka ti nka M. D. et al. 2001. Genome sequence and gene compaction of the eukaryote parasite 
Encephalitozoon cuniculi. Nature. 414 : 450—453. 

Keeling P. J., Corradi N., Morrison H., HaagK.L., Ebert D., Weiss L. M., 
Akiyoshi D. E., Tzipori S. 2010. The reduced genome of the parasitic microspori- 
dian Enterocvtozoon bieneusi lacks genes for core carbon metabolism. Genome Biol. 
Evol. 2 : 304—309. 

Laemmli U. K. 1970. Cleavage of structural proteins during the assembly of the head of bac- 
terophage T4. Nature. 227 : 680—685. 

Martens S., Howard J. C. 2006. The interferoninducible GTPases. An. Rev. Cell Dev. Bi¬ 
ol. 22 : 559—589. 

Miroux B., Walker J. E. 1996. Over-production of proteins in Escherichia coli : mutant 
hosts that allow synthesis of some membrane proteins and globular proteins at high le¬ 
vels. Journ. Mol. Biol. 260 : 289—298. 

M o 1 e s t i n a R. E., S i n a i A. P. 2005. Host and parasitederived IKK activities direct distinct 
temporal phases of NF-{kappa }B activation and target gene expression following Toxo¬ 
plasma gondii infection. Journ. Cell Sci. 118 : 5785—5796. 

Nandan D., Yi T., Lopez M., Lai C., Reiner N. E. 2002. Leishmania EF-1 alpha activa¬ 
tes the Src homology 2 domain containing tyrosine phosphatase SHP-1 leading to mac¬ 
rophage deactivation. Journ. Biol. Chem. 277 : 50190—50197. 

Nathan C., Shiloh M.U. 2002. Reactive oxygen and nitrogen intermediates in the relation¬ 
ship between mammalian hosts and microbial pathogens. Proc. Nat. Acad. Sci. USA. 97 : 
8841—8848. 

Perkins N. D. 2007. Integrating cell-signalling pathways with NF-kappaB and IKK function. 
Nat. Rev. Mol. Cell Biol. 8 : 49—62. 

Ravindran S., Boothroyd J. C. 2008. Secretion of proteins into host cells by Apicomple- 
xan parasite. Traffic. 9 : 647—656. 

Saeij J. P., Co Her S., Boyle J. P., Jerome M. E., White M. W., Boothroyd J. C. 
2007. Toxoplasma co-opts host gene expression by injection of a polymorphic kinase ho- 
mologue. Nature. 445 : 324—327. 

Schmuckli-Maurer J., Casanova C., Schmied S., Affentranger S., Parvano- 
va I., Kang’a S., Nene V., Katzer F., McKeever D., Muller J., Bishop R., 
Pain A., Dobbelaere D. A. E. 2009. Expression Analysis of the Theileria parva 
Subtelomere-Encoded Variable Secreted Protein Gene Family. PLoS One. 4 : e4839. 

Seleznev K., Issi I., Dolgikh V., Belostotskaya G., Antonova O., Sokolo¬ 
va J. 1995. Fractionation of different life cycle stages of microsporidia Nosema grylli 
from crickets Gryllus bimaculatus by centrifugation in percoll density gradient for bioc¬ 
hemical research. Journ. Euk. Microbiol. 42 : 288—292. 

Singh M., Mukherj ee P.,Narayanasamy K., Arora R., Sen S. D., Gupta S.,Na- 
tarajan K., Malhotra P. 2009. Proteome analysis of Plasmodium falciparum ex¬ 
tracellular secretory antigens at asexual blood stages reveals a cohort of proteins with 
possible roles in immune modulation and signaling. Mol. Cell. Proteomics. 8 : 
2102—2118. 

SwanD.G., Stern R., McKellar S., Phillips K., OuraC. A., Karagenc T. I., 
Stadler L., Shiels B. R. 2001. Characterisation of a cluster of genes encoding Thei¬ 
leria annulata AT hook DNA-binding proteins and evidence for localisation to the host 
cell nucleus. Journ. Cell Sci. 114 : 2747—2754. 


491 


Tsaousi s A. D., KunjE.R., Goldberg A. V., LucocqJ.M., HirtR.P., Emb- 
ley T. M. 2008. A novel route for ATP acquisition by the remnant mitochondria of En- 
cephalitozoon cuniculi. Nature. 453 : 553—556. 

Williams B. A. P., HirtR. P., Lucocq J. M., Embley T. M. 2002. A mitochondrial 
remnant in the microsporidian Trachipleistophora hominis. Nature. 418 : 865—869. 


USING OF ANTIBODIES AGAINST MICROSPORIA HSP70 FAMILY PROTEINS 
FOR ANALYSIS OF SECRETOME OF INTRACELLULAR PARASITES 

V. V. Dolgikh, I. V. Sendersky, O. A. Pavlova, S. A. Timofeev, A. M. Naumov 
Key words: microsporidia, secreted proteins, host cell, Hsp70, antibodies. 

SUMMARY 

Microsporidia is a large group of fungi-related unicellular parasites with obligate intra¬ 
cellular lifestyle. Unlike other protozoan intracellular parasites (Kinetoplastida and Api- 
complexa), most microsporidian species develop in direct contact with the host cell cytop¬ 
lasm. This fact, acquisition of unique transporters to exploit host metabolic system (along¬ 
side the strong minimization of own machinery) and predicted repertoire of microsporidia 
secretome altogether suggest an active role of parasite proteins in the control of infected 
cell. Lack of information about secretome of microsporidia intracellular stages is largely 
due to the methodological difficulties of working with the obligate intracellular parasites. 
An important problem of such study is the contamination of preparations of host cell cy¬ 
toplasm by inner (nonsecreted) parasite proteins. Even the homogenization of infected tis¬ 
sue in mild conditions and removal of parasite cells by low-speed centrifugation may re¬ 
sult in their partial disruption. We expressed the fragments of three Hsp70 family chapero¬ 
nes from the microsporidium Paranosema ( Antonospora) locustae in bacteria Escherichia 
coli. Immunoblotting with proteins of microsporidia intracellular stages and infected host 
tissue (locust fat bodies) demonstrated that antibodies against recombinant polypeptides 
may be used to monitor the integrity of parasite cells during homogenization of infected 
host tissue and subsequent removal of parasites by centrifugation. 
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